Background/Aims: Gender-specific differences between patients on renal replacement therapy have so far rarely been investigated. In the present study we aimed to describe genderspecific differences in a large cohort of peritoneal dialysis (PD) patients. Methods: Clinical information for all patients who started PD at our center has been collected since the start of the PD-program in 1979. We used Cox regression to examine associations between technique failure and gender. We estimated hazard ratios (HRs) with 95% confidence intervals (CIs). Results: A total of 745 patients (315 women and 430 men with a median age of 57 years; IQR 43-67) started PD between 1979 and 2015 in our center. Women were significantly younger at PD start 54 (40-65) years vs. 58 (47-68) years, p<0.001. Within the last almost 15 years, more man than women started PD, but technical survival rates were significantly better in female compared to men (HR=0.662, CI 95% (0.496-0.885) P=0.005). Cardiovascular events were the main cause of death over the study period in both sexes, but decreased over time. Additionally, death due to PD-associated peritonitis decreased significantly over the three decades in both sexes. Conclusions: Our data suggest that technical survival rates were significantly better in female compared to men over three decades and death due to cardiovascular events and PDassociated peritonitis decreased significantly over the three decades in both sexes.
Gender-Specific Differences in Peritoneal Dialysis
Daniel
Introduction
Peritoneal dialysis (PD) was introduced successful in the early 1980s as an additional routine modality for renal replacement therapy (RRT) in end-stage renal disease (ESRD) [1] .
From 1997 to 2008 the number of PD patients increased in developing countries more than in developed countries, and in 2008, 11% of the global dialysis population was performing PD [2] [3] [4] . Several studies showed an initial survival benefit of PD in the first 2 years compared to hemodialysis [2, 5, 6] , and very recent data from the European Renal Association -European Dialysis and Transplant Association (ERA-EDTA) showed that patient survival has improved over the last 20 years for both PD and hemodialysis (HD) [7] . However, between 1997 and 2008 in developed countries the proportion of patients on PD decreased [2] . Little data exists about gender-specific differences in the characteristics, treatment and outcomes for individuals on RRT. In a recent analysis of over 200 000 HD patients in 12 different countries, the International Dialysis Outcomes and Practice Patterns Study (DOPPS) showed a global trend towards fewer women than men treated with HD for RRT of end-stage renal disease [8] . Carrero et al. found no gender-specific differences in the cardiovascular outcomes of hemodialysis patients at the beginning of RRT [9] and registry data from Spain suggests that women on PD had a higher risk for mortality from infection than did men [10] . We aimed to investigate gender-specific differences in a large cohort of PD patients from the early years of PD until 2015.
Materials and Methods

Study population
All patients undergoing surgery for PD catheter insertion at the Robert-Bosch-Hospital, Stuttgart, Germany, from January 1979 to December 2015 were analyzed retrospectively. Clinical information regarding any underlying disease, gender, date of birth, time of starting PD, type of PD (system, type of solution), and catheter implantation at hospital was collected prospectively from the start of the PD program in 1979. After catheter implantation, initiation and training at hospital provided by a PD nurse, a proportion of patients were treated as outpatients at ambulatory nephrologist. A total of 745 incident patients were identified and included in the current study. Clinical data were available for 620 patients at the time when PD was terminated (e.g. death, technique failure, recovery of renal function, or kidney transplantation) or end of the study period (December 2015). Patients still on PD (115 patients) were of course not included in the analysis for death (study design is shown in Fig. 1 ).
The Ethical Commission of the Medical University of Tuebingen approved this study (Ethical Approval/ Registration Number #020/2016BO2). The analysis was performed retrospective without written or verbal informed consent to participate in this study. Due to the long study period and the retrospective anonymous analysis of the data, nevertheless the lack of informed consent has been approved by the local ethics committee.
Termination of PD and technical failure
Termination of PD: Patients were followed until they switched to hemodialysis (HD), received a kidney transplant, recovered of renal function, died during PD, were lost to follow-up or until the end of study period (December 2015). Technique failure was defined as any transfer from PD to HD that lasted for ≥ 30 days [11] and was censored for death and kidney transplantation. After an interruption of ≧ 30 days, the subsequent period of PD was excluded from further analysis.
Statistical analyses
The statistical analyses were conducted with SPSS, version 24.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 6.0 (GraphPad, San Diego, CA, USA) software. All continuous variables were tested for normality using the Kolmogorov-Smirnov test. Normally distributed continuous variables were expressed as means (with standard deviation, SD) and skewed variables were presented as medians (with interquartile ranges (IQR)). Comparisons between the three groups were performed with Fisher's exact test (two-tailed). Cox proportional hazard model was used for analyzing technical failure. Analysis was adjusted for age. We estimated hazard ratios (HRs) with 95% confidence intervals (CIs). P values (two-tailed) <0.05 were considered significant. In the technique survival analysis, patients who recovered renal function, died, received a kidney transplant, or were still on PD were censored from the analysis.
Over the whole study period 187 out of 505 PD patients (37%) died. Cardiovascular events were the main cause of death in both sexes (Table 2 ) and decreased over time from 28% in the first decade to 6% in the second decade and 8% in the last decade (p<0.0001, respectively). In total, more men compared to women died on PD during the study period (45% vs. 29%, p <0.0001). Death due to PD-associated peritonitis was in total more common in men compared to women (p <0.05, Table 2 ) and decreased as well over time from 9% in the first decade to 3% in the second decade and 2% in the last decade (p<0.05 and p<0.01, respectively). 
Results
Between 1979 and 2015 a total of 745 patients, 315 women and 430 men, with a median age of 57 years (IQR 43-67), started PD. Diabetic nephropathy (21%) and glomerulonephritis (15%) were the most common underlying diseases for ERDS. Regarding baseline characteristics, no differences were present between male and female patients, except the younger age of women at start of PD (54 (40-65) years vs. 58 (47-68) years, p<0.001), higher number of male patients with ESRD due to hypertensive nephrosclerosis and IgA nephropathy and more women than men in the group of patients with interstitial nephritis, NSAID and amyloidosis as underlying diseases for ERDS. Patient characteristics and the causes of ESRD are shown in detail in Table 1. Within the first 20 years, gender ratio was approximately equal whereas in the later years more men than female started PD (Fig. 2) . 
Discussion
To the best of our knowledge this is the first study to investigate gender-specific differences in patients on PD and represents the largest historic cohort of PD patients in Germany.
According to the 2011 census, approximately 51% of the German population was women, a proportion that has hardly changed over the last 10-20 years. Up to the age of 50 the proportion of males predominates, but over the age of 50 an increasing surplus of women is seen [12] . Recently, the International Dialysis Outcomes and Practice Patterns Study (DOPPS) showed, that in HD patients worldwide a disproportion between men and women exists. Between 1996 and 2012 the DOPPS investigated more then 200 000 HD patients in 12 different countries and found that fewer women than men were undergoing hemodialysis. This was consistent with national hemodialysis registry data, despite higher proportions of women Technical survival curve of female compared to male using the Cox proportional hazard model adjusted by age showed statistical significant lower technical failure rates in female compared to men (HR=0.662, CI 95% (0.496-0.885) P=0.005 (Fig. 3) .
is not part of the study) [13] . As men outnumber women in both forms of dialysis this might reflect either disease specific factors (e.g. prevalence of non diabetic renal diseases in men, accumulation of risk factors and progression of chronic kidney disease [14] ) as well as differences in the use of dialysis in female patients. One would then have to hypothesize that the incidence has changed since the first decade.
Death on PD decreased over the three decades and not very surprisingly, cardiovascular events were the main cause of death. As expected more men died on PD because of cardiovascular deaths compared to women in the last 15 years. The most likely explanation for this gender-specific difference in deaths on PD is the greater proportion of men on PD in this time period observed in the present study. On the other hand, previous analyses showed a higher risk of death due to infection while on PD in men than in women [10] , which we could not find in our study. Some studies analyzed the mortality risk of men versus women on hemodialysis [8, [15] [16] [17] , whereas few studies have addressed this question in PD patients. An ERA-EDTA registry analysis reported that younger women have a higher risk of dying from non-cardiovascular causes [16] . The main finding of the previous studies in hemodialysis patients was that the mortality advantage of women in the general population is lost in hemodialysis patients. It is obvious that our analysis does not have the power to clarify the risk for death for men and women on PD but the data suggest that at least the last 15 years women had no disadvantages with regard to death.
The main cause for technique failure is PD-associated peritonitis [18] [19] [20] [21] . Another important issue is the fact that centers with a large number of PD patients have better outcomes [22] [23] [24] [25] [26] .
Gender-specific differences in technique failure are controversial. Several studies have shown that gender was not associated with technique failure [27] [28] [29] [30] , however, one large in the general population across all age groups in all countries [8] .
In our cohort, we found an increasing proportion of men in the last 15 years starting PD. Remarkably, in these last 15 years, the median age was 59 years (46 -69) and the predominance of men was in direct contrast to the preponderance of women over 50 in the general population. Therefore our retrospective analysis is consistent with the large prospective DOPPS study in HD patients. Therefore, all efforts must be made to re-examine our findings prospectively.
Perhaps the Peritoneal Dialysis Outcomes and Practice Patterns Study (PDOPPS) study may be able to shed light on the subject (it is noteworthy that Germany study from the Australia and New Zealand registry and an analysis of a cohort of US patients found a higher risk of technique failure in PD for men than for women [11, 31] . This was consistent with our findings. It was speculated that men might be more dependent on others to maintain their care, leaving them more sensitive to modality failure [11] . Unfortunately, as stated by Shen et al. [11] , we have no information on assistance from caregivers. It is noteworthy, that in our study population, women were significantly younger compared to men at start of PD, but it seems unlikely for us that the difference of four years might explain the better technical survival rates solely.
Nevertheless, as shown by Guest et al. up to know there is still a long lasting discussion whether encapsulating peritoneal sclerosis occurs more frequently in female PD patients compared the men [32] . This outlines the need for studies dealing with gender aspects among PD patients.
Our study has potential limitations, which have to be addressed. First, our data were retrospective and from a single center in Germany (all patients received their PD catheter in this single hospital), with all known limitations and a possible selection bias and a centerspecific effect [24] . Of course, the medical and nursing teams have changed over time and that might have affected patients dialysis modality choice. Second, because of the long study period and the German healthcare system, the clinical data e.g. regarding peritonitis rates and follow-up beyond termination of PD are incomplete. Therefore, we cannot investigate a gender-specific difference in outcomes in our cohort of patients; however, our data do suggest some important differences between the genders. There were no differences in regard to age and gender in patients in whom no follow-up was available compared to the group of patients with follow-up data. Third, after catheter implantation, initiation and training at hospital provided by a PD nurse, most of the patients were treated as outpatients at ambulatory nephrologist. Therefore, e.g. reasons for terminating PD might be center specific and must be taken into account by interpreting out results. Fourth, unfortunately, there exist no national wide registry for dialysis patients in Germany, therefore we could not give information about the number of patients reaching ESRD over the study period.
The fundamental question to be answered is whether there is discrimination against women starting dialysis? Or do fewer women need dialysis because of different disease patterns, or do women choose not to start dialysis? These questions could not be answered with this study -likewise PDOPPS would not be able to answer these questions completely.
Conclusion
Our data suggest that technical survival rates were significantly better in female compared to men over three decades and death due to cardiovascular events and PDassociated peritonitis decreased significantly over the three decades in both sexes.
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